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MASS SPECTROMETRIC IDENTIFICATION OF THE
RADICAL ADDUCTS OF A
FLUORESCAMINE-DERIVATIZED NITROXIDE
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The radical adducts of fluorescamine-derivatized 3-aminomethyl-2,2,5,5-tetramethyl-1-pyrrolidinyloxy
free radical are readily identified by mass spectrometry employing a solid source probe and electron impact
ionization.

INTRODUCTION

In two previous papers,'” we described a simple method to detect very low levels of
carbon-centered radicals in aqueous systems. The method employs a water-soluble
amino nitroxide (3-aminomethyl-2,2,5,5-tetramethyl-1-pyrrolidinyloxy free radical,
3-AMP) to efficiently trap carbon-centered radicals as stable alkoxyamine adducts.
Derivatization of these adducts with fluorescamine produces highly fluorescent
compounds, while derivatization of 3-AMP by itself gives rise to a substantially less
fluorescent compound owing to efficient intramolecular quenching by the nitroxide.*”
These compounds are easily separated by reversed-phase high performance liquid
chromatography (HPLC) and are detected fluorimetrically.

Previously, the identities of the adducts were assigned indirectly through comparison
of the elution patterns obtained for the products of photochemical reactions produc-
ing known radicals.'? Here we show that these adducts can be unambiguously
identified by mass spectrometry (MS) employing a solid source probe and electron
impact ionization. While MS has been used in earlier studies to identify the radical
adducts of spin traps, (see for example, ref. 6) and the adducts produced by nitroxide
scavenging of radicals’? this work demonstrates that MS can also be employed for the
structural identification of the radical adducts of the nitroxide-fluorophore probes.'”

MATERIALS AND METHODS

Chemicals

Boric acid, ketones and 3-AMP were purchased from Aldrich (U.S.A.), while the
a-keto acids and fluorescamine were obtained from Sigma (U.S.A.). Ketones, a-keto
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acids and fluorescamine were used as received; 3-AMP was purified as previously
described.? Distilled-in-glass grade solvents were from Burdick & Jackson (U.S.A.).
Water used in all experiments was from a Millipore Milli-Q system. Buffers and stock
solutions of fluorescamine and 3-AMP were prepared as previously described.’

Procedures

Alkoxyamines were generated by photolysis of 1-1.5mM solutions of the individual
ketones or a-keto acids in the presence of ~800uM 3-AMP in deaerated 0.2 M,
pH 8.1 borate buffer. Upon irradiation, the ketones and a-keto acids undergo hom-
olytic a-cleavage (Norrish type I reaction) to form carbon-centered radicals, which,
in the presence of 3-AMP, are trapped as stable alkoxyamines.'? To ensure that an
adequate supply of the alkoxyamine products were obtained for the mass spectral
measurements, samples were irradiated for 1 h at a light intensity of 245 mW/cm?
employing the irradiation system described previously.” Following irradiation, samples
(ca. 3mL) were derivatized with 500 uL of the fluorescamine stock and then loaded
ontoa 0.2 x 5.5cm enrichment column (EC), which was used in place of an injection
loop. Samples were injected onto the HPLC by backflushing the EC and separated
using the standard gradient elution (acetate buffer system) employed earlier.” The
individual adducts were collected directly from the HPLC column (1.5-2.0mL) and
diluted to 10 mL with water. The lactone form of the adducts was extracted into 1 mL
of chloroform,® which was subsequently washed three times with 10 mL of water. The
volume of chloroform was reduced to ~ 50-250 uL by flushing with dry nitrogen.

A Finnigan 4510 quadrupole mass spectrometer, operating in the electron ioniz-
ation mode at 100°C and at an electron energy of 50 eV, was employed. The analyzer
was scanned from an m/z of 40 to 650 in 0.9S5s. Approximately 1-5uL of the
chloroform solutions, corresponding to ~ 0.5 ug of compound, was spotted onto the
gold tip of the direct insertion probe of the mass spectrometer. After solvent evapor-
ation, the probe tip containing the sample was placed directly in the electron beam.
The probe tip was then ramped from 50 to 350°C in I min. The samples desorbed as
well shaped peaks spread over a few scans.

RESULTS AND DISCUSSION

Figure | provides a representative example of the mass spectra obtained for the
radical adducts of fluorescamine-derivatized 3-AMP, while the inset (Figure 1) illus-
trates the general fragmentation pattern observed for these compounds. The relative
ion abundances of these fragments are summarized in Table I for each of the
compounds examined in this study. A prominent ion at m/z 290 was observed in all
spectra. This ion most likely results from ionization at the N atom of the fluoresc-
amine moiety followed by a-cleavage of the carbon-carbon bond linking the alkoxy-
amine (nitroxide) and fluorescamine substituents (Figure 1, inset). Because this ion
was present in each spectrum and its formation was apparently unaffected by the
fragmentation occurring at the alkoxyamine moiety (Figure 1, vide infra), we have
normalized all ion abundances relative to 100 for this fragment.

Except for VII, the spectrum for each compound showed the expected molecular
ion. The absence of a molecular ion for VII is likely due to the low stability of the
t-butyl radical adduct.'"™"" Generally, the molecular ion abundances decreased with
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FIGURE | Mass spectrum of the benzy! radical adduct of 3-AMP-fluorescamine (Comp. IV, Table I).
The inset illustrates the general fragmentation pattern observed for this and other compounds examined
in this study (see Table I).

increasing chain length or size of the adducts, apparently reflecting the relative
stability of the individual alkoxyamines.

Clear evidence for fragmentation at the carbon-oxygen bond of the alkoxyamines
was provided by the observation of ions corresponding to the adduct moieties and
3-AMP-fluorescamine (Figure 1, Table I). For compounds II-V, the presence of the
ion at m/z431 can be explained by a simple a-cleavage of the oxygen—carbon bond
linking the adduct to the parent. However, for compounds VI-XI, a fragment at
m/z432 was observed in place of the 431 ion. This fragment may be produced by
on-probe thermolysis of the alkoxyamines'® followed by reduction of the parent prior
to ionization or alternatively, by intermolecular reactions in the gas phase.'” The
relative abundance of this ion increased at higher sample loadings suggesting that
intermolecular reactions are occurring either on the probe or in the gas phase.
However, we cannot entirely exclude that this ion is produced through an intra-
molecular rearrangement.

For those adducts having sufficiently high mass, direct evidence for the structural
identity of the trapped radical was provided by the high yield of the ion(s) correspond-
ing to the adduct fragment(s). These fragments are most likely produced through
a-cleavage of the oxygen-carbon bond of the alkoxyamine (vide supra) or through
charged-site initiated cleavage(s) along the adduct backbone.
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A limited number of other ions were seen at high mass. While we could postulate
pathways for the production of these ions, advanced MS and/or labelling experiments
would be required for unequivocal assignments. Thus, we have simply listed these ions
and their abundances for completeness (Table I).

This study has shown that electron impact ionization of the radical adducts of
3-AMP-fluorescamine produces relatively simple and easily interpretable patterns of
fragmentation. A significant advantage of this harsher ionization procedure is that
one observes high yields of ions corresponding to the radical species originally
trapped. Thus, direct information concerning the identity of these radicals can be
obtained from the mass spectra.
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